To determine if patients managed with a cystectomy enhanced recovery pathway (CERP) have improved quality of care after radical cystectomy (RC), as defined by a decrease in length of hospital stay (LOS) without an increase in complications or readmissions compared with those not managed with CERP.
Introduction
Every year,~10 000 radical cystectomy (RC) operations are performed across the USA [1] . Length of hospital stay (LOS) is one of the most reported quality indicators for patients undergoing RC [2] [3] [4] [5] [6] [7] and RC continues to be associated with a prolonged LOS of 8-11 days [8] . In addition, RC is associated with significant morbidity. Worldwide, postoperative complications of RC are estimated to occur in 30-80% of patients and readmissions are necessary in up to 30% of patients after surgery [2, 3, 9, 10] . Given the prolonged LOS, and the complication and readmission rates, there is much room for improvement in current RC care.
Over the past 20 years, there have been many efforts to reduce complications and LOS after RC [11] [12] [13] . The use of various enhanced recovery after surgery (ERAS) programmes, which are a collection of multidisciplinary and multimodal evidence-based interventions, can improve postoperative LOS in patients who have undergone complex surgery [2] [3] [4] [5] [6] [7] . ERAS pathways provide a framework for planning, setting patient expectations and devising interventions to prepare and reduce the physiological and the psychological stress of a major operation. Previous literature has associated ERAS pathways with decreased variations in care and improved quality of care, which often results in decreased costs [6, 13] . Many variations exist in current ERAS protocols as a result of surgeon-specific, cultural, hospital and regional differences [2] [3] [4] [5] [6] [7] [14] [15] [16] , and, most importantly, ERAS pathways are still not considered the standard of care for patients undergoing RC [16] .
Using a framework for the evaluation of the surgical care delivered is important for improving the quality of the care rendered, and as a measurement of surgical care quality [13, 17, 18] . LOS, among other objective care quality measurements, is used as part of the framework for evaluating quality outcomes of RC [11, 12] . Evaluation of the process and outcome portion of the framework, with standard reporting methods with compliance auditing, allows the quality improvement outcomes to be reproduced [11, 12, 18] .
The aim of the present study, the Quality Improvement in Cystectomy Care with Enhanced Recovery (QUICCER) study, was to determine if patients managed with a cystectomy enhanced recovery pathway (CERP) have improved quality of care after RC, as defined by a decrease in LOS without an increase in complications or readmissions compared with those not managed with CERP.
Materials and Methods

Patient Selection
The QUICCER study was a non-randomized clinical study conducted using a quasi-experimental design, with a comparison and a treatment group. In July 2013, after institutional review board approval, a CERP was implemented using evidence-based ERAS interventions, with the purpose of augmenting recovery in patients undergoing RC. CERP interventions are listed in Figs 1 and 2. The CERP for this study varied from the previously published RC ERAS pathway by not using home i.v. fluids but administering a gentle bowel regimen.
From June 2011 to April 2015, 200 consecutive patients with bladder cancer were included. All patients underwent RC with bowel resection for urinary diversion and pelvic lymph node dissection. No patients were excluded from this study. The analysis consisted of data collected from 121 retrospective patients not managed with the CERP (non-CERP group) and 79 prospective patients managed with the CERP. All the patients in the CERP group provided written informed consent. The retrospective patient group was identified using departmental records. After CERP implementation, patients on the CERP received all interventions for which they were eligible, based on medical comorbidities and surgical factors. The interventions received by each patient were tracked. Regardless of the interventions received, number of days spent in the intensive care unit, ventilator requirements and additional surgical procedures performed at the same time as RC, all patients were included in the final analysis. Patients were included in an intentionto-treat analysis and no patients were excluded from these analyses. 
Data Collection
Using Research Electronic Data Capture (REDCap) tools, a database was created and maintained in accordance with the scope of the project [19] . Data collected included demographics, operative characteristics, complications, readmissions and LOS (days). To confirm accurate and valid patient data abstraction, a kappa value was calculated. National Surgical Quality Improvement Project (NSQIP) database points were compared with the data abstracted for this project [20] . A total of 20 data points were compared to calculate the kappa value for data validity. NSQIP data were compared with abstracted data points for 30 days after RC from both sources to provide the most precise kappa value.
Treatment and Follow-up
All patients were treated by one of four surgeons. There was no change in open surgical technique during the study period.
Robotic surgery was introduced by three of our surgeons in 2007; thereafter, all patients seen by these three surgeons had robot-assisted RC performed without discrimination. Consistently, 80% of the urinary diversions were performed intracorporally. Additionally, there was no difference in the surgical techniques during this time period. Before the implementation of the CERP, there was no standard pathway for peri-operative RC care at our institution and the discharge criteria included: tolerating a regular diet; passage of flatus; clearance by physical therapist; pain controlled with oral medications; and achievement of ostomy competence as determined by a certified wound ostomy nurse. After CERP implementation, all discharge criteria were the same except that the patient had to be able to tolerate ≥1 L of regular diet. There were no CERP modifications during the study period. Patients were discharged without any home interventions other than a home healthcare/visiting nurse service for ostomy support (no home i.v. fluids or medication administration). Follow-up for the CERP group was obtained from telephone calls by a trained nurse practitioner on post-discharge days 2, 7-10 and 30, with standardized predefined questions to screen for any complications or readmissions. Follow-up was also obtained at the 90-day post-surgery office visits with the surgeon. For the non-CERP group each chart was retrospectively reviewed.
Endpoints
The primary outcome was LOS, which was recorded as the number of midnights the patient spent in hospital. Secondary endpoints were considered complications and readmissions. The NSQIP definitions of complications were used for available variables; full descriptions are in Appendix S1 [20] . NSQIP definitions were applied to the entire 90-day followup period. Other complication categories were defined with available objective information (i.e. ileus was defined by an attending radiologist read as 'ileus' on radiographs, placement of a nasogastric tube, and/or the need for total parenteral nutrition (TPN) because of enteral feeding intolerance).
Readmissions were considered separately from complications. All patients included had 90 days of follow-up. Standard
Clavien grades were reported for complications (I, II, IIIa, IIIb, Iva, IVb, V) [21] . Recommended quality indicators for bladder cancer care were used to allow quality indicator assessment using Dobedian's framework: structure; process; and outcome [11] [12] [13] 17, 18] . Total hospital days were calculated for 30 and 90 days after RC, this included the total number of hospital days including the initial LOS and all readmission days.
Statistical Analyses
The sample size needed to show a 2-day decrease in LOS was calculated a priori, which required 51 patients in each arm with a < 0.05 and b < 0.80. All P values were two-sided and considered to be significant at <0.05.
Continuous and ordinal covariate distributions were summarized with medians, interquartile range (IQR) using the first (Q1) and third quartiles (Q3). Univariable analyses was performed using the Kruskal-Wallis test [22] . Categorical covariates were summarized with counts and percentages and then compared between the two groups using a chi-squared and Fischer's exact test, as appropriate [22] . A test for trend was performed in the univariable and multivariable analyses [22] . Linear regression multivariable analyses were used for The two-arm quasi-experimental method reduces selection bias based on patient characteristics, but it is not fully equivalent to randomization because certain patient characteristics may change in a systematic manner over time (e.g. an increase in female patients in the referral pattern). To account for the non-randomized nature of the present study, propensity score matching was used to match patients on the probability that they would be in the CERP group [24] . The patients in the non-CERP group were matched 1:1 using the nearest-neighbour method with CERP patients, where the absolute difference between propensity scores was AE0.01 [24] . Items incorporated into the propensity score model are shown in Fig. 3A . The propensity score and resultant matched score results with the recommended diagnostic tests are shown in Fig. 3B ,C, respectively [25] .
Additionally, for the CERP process quality indicator evaluation, a composite score was created for adherence to the CERP and was calculated for both the CERP and non-CERP groups [13, 17, 18] . The CERP quality composite score included pathway elements that could be tracked objectively. The components of the quality score are listed in Fig. 4A .
Multivariable analysis for the primary endpoint included a generalized linear regression model and a logistic regression model. Linear regression was used to better capture associations with the postoperative day (POD) on which the patient was discharged and complications over the 90-day follow-up. The logistic regression model used the primary outcome converted to a binary variable (≤5 vs >5 days). An LOS of 5 days was chosen because the CERP was designed for discharge on POD 3-5. Logistic regression was used to determine variable associations with discharge in ≤5 vs >5 days. Multivariable analysis was performed for the secondary endpoints using logistic regression. All variables with a P value of <0.10 in univariable analysis were included in the respective multivariable analysis. Model-based 95% CIs for a difference in medians were used to report the univariable and multivariable comparisons [22, 26] . Clavien grading was analysed separately to avoid overfitting of the model. Linear regression modelling was also carried out for total hospital days 30 and 90 days after RC. An age-adjusted Charlson comorbidity index was used because it provides a more comprehensive assessment of comorbidities and is validated in patients undergoing RC [27] .
All statistical analyses were performed using SAS 9.3 software.
Results
Baseline Characteristics
Distributions of the baseline demographics and operative characteristics for both groups before and after propensity Table 1 . After propensity matching, significant differences existed in the operating time for the RC procedure.
Complications according to Clavien grade and individual complications are shown in Table 2 . Complications more common in the non-CERP group included postoperative myocardial infarction, ileus, requirement for TPN, and ventilator support for >48 h. There was no difference in the incidence of overall complications between the non-CERP and CERP groups. Table 2 includes all emergency department visits and readmissions. There were no differences between the two groups in the number of readmissions and emergency department visits. Additionally, the time to readmission or emergency department visit was not significantly different between the two groups.
Data collection was validated using the NSQIP abstracter with a kappa value of 0.76, which was considered good congruence. AHRQ, Agency for Healthcare Research and Quality; ASA American Society of Anesthesiologists; BMI, body mass index; CERP, cystectomy enhanced recovery pathway; EBL, estimated blood loss; NOS, not otherwise specified; PRBCs, packed red blood cells; RC, radical cystectomy; Q1, first quartile; Q3, third quartile. Demographics and baseline characteristics of the patients both before and after propensity score matching. There was no difference between the two groups with regard to other demographics including the variables: age at diagnosis, chronic obstructive pulmonary disease, diabetes mellitus, Charlson comorbidity index, ethnicity, insurance primary and secondary payers, distance from home to the hospital, and the distribution of RC among the four physicians, these variables are not listed in the above table. *Current smoker. † Total pack years if ever or current smoker. ‡ AHRQ socio-economic index score incorporates for each patient's zip code the percentage of persons aged ≥16 years in the labour force who are unemployed and actively seeking work, percentage of persons below the federally defined poverty line, median household income (standardized to have values 0 to 100), median value of owner-occupied homes (standardized to values 0-100), percentage of persons aged ≥25 years with lower than 12th grade education, percentage of persons aged ≥25 years with at least 4 years of college education and the percentage of households containing one or more person per room.23
Outcomes
The LOS was significantly different between the 79 patients in the CERP group and those in the non-CERP group, both as a continuous and categorical value. The median (IQR) LOS was 5 (4-7) days and 8 (6) (7) (8) (9) (10) (11) (12) (13) (14) days for the CERP and non-CERP group, respectively, as shown in Fig. 5A ,B. Other significant differences between the CERP and non-CERP groups included the total LOS in the first 30 days and 90 days after RC, time to clear liquids, time to regular diet, and postoperative i.v. equivalents of morphine. Significantly more i.v. morphine equivalents were taken by the patients in the non-CERP group. There was no increase in postoperative pain scores in the CERP group. The CERP quality composite score was significant for predicting LOS. A higher quality composite score for CERP component adherence was (Fig. 4B) . The CERP outcomes are summarized in Table 3 .
Multivariable Analysis
A generalized linear regression model was significant when fit with the CERP group, operating time and any complication as predictors of LOS. The model was then further fit with predictors of increased LOS. The logistic regression model for LOS ≤5 days was also significant, but predictors of LOS >5 days were ileus and CERP status.
Multivariable linear regression for the prediction of longer LOS was completed for the initial LOS, and total hospital days in the 30 and 90 days post-RC. This was adjusted for CERP status, any complication and individual complications. The initial LOS was most influenced by the CERP and any complication. Even after adjusting for any complication and operating time, CERP status remained the best predictor of initial LOS. Individual complications (considered as separate variables) were all significant predictors of a longer LOS. By 30 and 90 days after RC, individual complications and any complication were still significant predictors of LOS. By 90 days, the most significant predictor of total LOS was any complication. The results of the multivariable analyses are shown in Table 4 .
Discussion
The CERP was associated with a decrease in LOS, but was not associated with an increase in complications or readmissions and represents a significant opportunity for quality of care improvement for RC. This is consistent with previous studies suggesting improved outcomes in patients who underwent RC who participated in a CERP or a CERP-like programme. This study adds to the increasing body of evidence supporting modern ERAS pathways for patients undergoing RC [7, 14, 28] . The quality indicators evaluated suggest a decreased LOS without increases in morbidity and mortality, with a non-statistically significant decrease in overall complications and a linear relationship between the CERP quality composite index (used as a CERP process assessment) and LOS [13] .
Few quality indicators are reliably used for bladder cancer care [13] . The CERP allows the use of quality indicators of clinical endpoints including LOS, 30-day complications, 90-day complications, 30-day and 90-day mortality rates [11] [12] [13] .
To improve the quality of RC care there must be reliable tools to measure it [11, 12] . The quality composite score used in the present study could serve as a way to measure and compare RC postoperative care quality. Using the quality composite index as an indicator should decrease care variations and improve overall quality, eventually leading to decreased costs [12] . To our knowledge, this is the first ERAS study on RC for ascertainment of complications and readmissions, with evaluation of CERP quality indicators along with a 90-day follow-up and no patients lost to followup. This study differs from previous studies in that it studies patients in the USA undergoing RC where modern CERP elements were practised without variation during the study period [2, 4, 5, 15, 29, 30] .
The complication rate in the present study is at the higher end of reported complication rates for RC [3] [4] [5] [6] . Despite a high rate of complications, the complication and readmission rates were not different between the CERP and non-CERP groups. Moreover, the LOS decreased with CERP regardless of the rate of complications. There was no difference in the distribution of Clavien grade complications in the study. The likelihood is low that we failed to capture any significant morbidities. It may be that the non-CERP group had fewer complications and readmissions captured because follow-up was obtained by chart review rather than patient interviews, but, as there was no increase in complications or readmissions, this would not influence the findings of the present study. Additionally, low grade complications are common in this patient group and NSQIP complication definitions were applied to the full 90-day follow-up period, which may have inflated the complication rate compared with that in other studies. Overall, operating times in the present study are longer than most reported; the operating time was greater for the CERP group than the non-CERP group. It is important to note~15% of patients underwent additional procedures during the same surgical intervention (such as a nephroureterectomy) and because of the operative logging system, the time record for separating the procedures was not available, and thus the total operating time was used in the present study. Regardless of the longer operating times, LOS was still shorter with CERP. Lastly, 90-day mortality was not significantly different between the groups and was within the expected 90-day mortality for age-specific survival rates [31] . Notably, with the introduction of alvimopan as part of the CERP, the number of cardiac complications was not increased.
There were no differences between the CERP and non-CERP group in baseline, operative and pathological demographics. A composite score was created as a quality marker, this is the calculated score based on the percentage of the measurable clinical interventions that were congruent with the CERP interventions, a higher composite score was associated (more of the CERP interventions carried out) with a shorter the LOS. ‡ The patient received counseling in the clinic preoperatively and quit smoking tobacco products at least 2 weeks before RC. Furthermore, the adjusted analysis affirms the adequacy of the quasi-experimental study design with propensity score matching. The extensive comparison of baseline characteristics of the patients, their pathologies, and their operative courses helped to ensure that the analysis carried out most closely reflected the systemic change and quality improvement associated with the CERP implementation. Other measures used to control for possible sources of confounding were calculations of the AHRQ socio-economic index, data abstraction with NSQIP validation, and high study enrolment rates. A comprehensive index developed by the AHRQ was used to ensure there were no socio-economic differences between the two groups [23] . Any readmissions outside of our healthcare system discovered during CERP patient interviews, resulted in record obtainment, which was used for data abstraction. The patient accrual more than satisfied the need to detect a 2-day reduction in LOS. Additionally, no patients refused to participate in the study and none were excluded from the analysis. All of these measures allow the results found in the present study to extend CERP applicability and quality improvement to all patients undergoing RC.
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Limitations of the present study include its non-randomized study design using a historical non-CERP group as the comparison, although all means of accounting for this deficiency were used. The results presented were from RCs being performed for bladder cancer so they cannot be directly extrapolated to RCs performed for non-oncological reasons. The majority of the urinary diversions were ileal conduits, so the results may not apply to other urinary diversions. The exact reason for the majority of ileal conduit urinary diversions is unknown; all patients are presented with the options of an ileal conduit, neobladder or continent catheterizable pouch. The patient's choice of urinary diversion is honoured unless there are specific contraindications to a continent diversion. Although there was no known change over time in the surgical technique or patient selection, there may be study attributes which could not have been accounted for because they were not apparent at the time of data analysis. The study was performed at a single cancer referral centre, which may have exaggerated patient acuity compared with that seen in the general population with similar surgical requirements. Further complication comparisons were not possible because of the small number of complications in each category. Lastly, LOS is an imperfect evaluation of quality of care, but this is one of the most objective ways to analyse outcomes of ERAS programmes. LOS should be considered an acceptable quality indicator if not associated with increased readmissions or complications.
Future areas of quality improvement in RC care with the CERP should include investigation of costs, quality of life, patient urinary diversion decision-making and patient satisfaction. RCs continue to have high morbidity even with improved quality-of-care indicators. Reduction in complications and readmissions are two areas of opportunity for research which will have a high impact on RC care quality. Additional large multicentre studies to validate ERAS pathways and determine pertinent elements for reliable quality improvement outcomes are needed; however, given CERP, cystectomy enhanced recovery pathway; LOS, length of hospital stay; TPN, total parenteral nutrition. Multivariable analyses showed that the CERP was highly associated with a shorter LOS after adjusting for any complication and operating time. Ninety days after radical cystectomy (RC) any complication was more predictive of length of stay than CERP group. Logistic regression revealed an initial LOS after RC of <5 days was strongly predicted by CERP status and if the patient had an ileus postoperatively. There was no association with CERP status and readmissions.
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In conclusion, RC remains a major source of surgical morbidity. Improved quality of care is possible with the CERP. Adherence to the CERP is associated with a shorter LOS. The CERP is a significant opportunity for quality improvement in RC care that is associated with a reduction in LOS without increasing complications or readmissions.
